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Summary

Obstructive sleep apnoea syndrome (OSAS) is common in children. Craniofacial anomalies such
as cleft palate are among the most common congenital conditions. Children with a variety of
craniofacial conditions, including cleft palate, micrognathia, craniosynostosis, and midface
hypoplasia are at increased risk for OSAS. Available evidence, which is largely limited to surgical
case series and retrospective studies, suggests that OSAS can be successfully managed in these
children through both surgical and non-surgical techniques. Prospective studies using larger
cohorts of patients and including polysomnograms are needed to better understand the risk factors
for this patient population and the efficacy of treatment options for OSAS and their underlying
conditions.

Keywords

Obstructive sleep apnea; craniofacial abnormalities; Pierre Robin Syndrome; micrognathia; cleft
palate; craniosynostoses; child; infant

Introduction

Obstructive sleep apnoea syndrome (OSAS) is defined in children as a “disorder of breathing
during sleep characterized by prolonged partial upper airway obstruction and/or intermittent
complete obstruction...that disrupts normal ventilation during sleep and normal sleep
patterns.” 1 OSAS is common in children, with the prevalence ranging between 1.2 and 5.8%
of the general paediatric population, depending on the criteria used to define OSAS. Most
otherwise-healthy children with OSAS have adenotonsillar hypertrophy and/or obesity as
risk factors. However, specific paediatric populations with underlying diseases are also at
risk for OSAS. These include children with a history of prematurity, asthma, Down
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syndrome, sickle cell disease, achondroplasia, neuromuscular disease and craniofacial
anomalies, among others. Children with craniofacial conditions are generally at increased
risk for development of OSAS 2 but this population is complex because of its heterogeneity.
Thus, individual conditions must be considered in the diagnosis and treatment. OSAS is
important to identify in children, as untreated OSAS can result in significant sequelae,
including cognitive and behavioral deficits, cardiac ventricular remodeling and
hypertension, and inflammation 2.

Types of craniofacial conditions

Craniofacial conditions are highly variable, and may occur in isolation or as part of a
syndrome. The Whitaker classification separates craniofacial anomalies into four groups,
including clefts, craniosynostoses, hypoplasia, and neoplasia 3, but there is no
comprehensive system to classify all craniofacial conditions.

Craniofacial clefts may include a cleft lip, cleft palate or both cleft lip and palate (CLP).
Over 200 syndromes include cleft lip and/or palate as a feature, but approximately 85% of
clefts occur in isolation 4. Orofacial clefts are one of the most common congenital
conditions, with approximately one in 700 live births being affected. Cleft palate may be
unilateral or bilateral, affecting either the soft palate alone or both the hard and soft palate.
There are many genetic mutations that cause cleft palate and although some clefts occur as a
result of familial inheritance, most are the result of a de novo mutation. Syndromes that
commonly include cleft palate include Pierre Robin sequence, Stickler syndrome, Treacher
Collins syndrome, Goldenhar syndrome, and Nager syndrome.

Craniosynostoses are congenital conditions that include premature fusion of one or more of
the cranial sutures, resulting in abnormal growth of the skull in the direction parallel to the
fused suture. Craniosynostoses affect approximately one in 2500 live births and can be
either syndromic or nonsyndromic. Common syndromes that include craniosynostosis
include Apert, Cruzon, Pfeiffer, Nuenke, and Saerthe-Chozen syndromes.

Complications of craniofacial conditions

The burden of disease in children with craniofacial conditions is highly variable, but can be
substantial. These children are often followed by multidisciplinary teams that include speech
therapists, otolaryngologists, audiologists, plastic surgeons, and orthodontists, among others.
Children with CLP and Pierre Robin sequence may have cognitive impairment across a
range of domains, including both verbal and non-verbal domains. The etiology of cognitive
delay is likely multifactorial, and may include hearing dysfunction and frequent
hospitalizations. Children with craniosynostosis are also at risk for intellectual disability,
with one recent study finding that school age children with syndromic craniosynostosis have
an increased risk for having cognitive, motor, and language delays °. Cognitive impairment
is also seen in children with significant OSAS, but the link between reduced performance
and OSAS in the craniofacial population has not been established. In children with
syndromic craniosynostosis, OSAS has been shown to be related to poorer quality of life ©.
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One of the most common impairments in children with craniofacial conditions is feeding.
The causes can be variable depending on the patient’s underlying condition, but usually
result in an uncoordinated suck-swallow-breathe pattern or an inability to maintain a good
seal during sucking. This usually results in longer feeding times, and can cause a host of
other medical problems, including dehydration and laryngeal penetration or aspiration. In
some children with Pierre Robin sequence, early airway surgery to relieve upper airway
obstruction is associated with less need for a feeding tube 7. Infants with craniofacial
conditions are at risk for poor growth, especially early in life 8.

Otitis media with effusion is nearly universal in infants born with cleft palate, and without
intervention, can result in a conductive hearing loss that can affect language development. In
many of the craniosynostoses, mutations in fibroblast growth factor receptor genes affect
inner ear morphogenesis, causing hearing loss °.

OSAS in craniofacial conditions

Children with a variety of craniofacial conditions have been shown to be at increased risk
for upper airway obstruction, but the lack of prospective studies makes the prevalence of
OSAS and the causes of OSAS in this population difficult to determine.

Screening for OSAS in children with craniofacial conditions can be challenging for a
number of reasons. Screening tools for OSAS are unreliable in otherwise healthy children
and have not been validated in other populations that may have cognitive and hearing
deficits that would alter the results of screening tools 19. One study of children with
Treacher Collins syndrome found that the Brouillette questionnaire correlated poorly with
polysomnographic findings 1. Another study found that the Pediatric Sleep Questionnaire
was a poor predictor of OSAS in a general craniofacial population 12.

OSAS is the result of both structural factors that reduce the size of the airway as well as
neuromotor deficits that impair the ability of the patient to maintain airway patency during
sleep. Imaging has been shown to be a powerful tool to assess the structural differences in
children with a variety of craniofacial conditions. In children with micrognathia, those who
go on to experience clinical episodes of apnoea have been shown to have smaller airway
measures on cephalometry than those who remain asymptomatic. 13 Early reports of
mandibular distraction osteogenesis (MDQO) used cephalometric imaging to demonstrate
improvement in glossoptosis and more recent studies have used computed tomography to
demonstrate increased oropharyngeal airway volume following distraction. 14

In addition to the structural features that predispose children with craniofacial conditions to
OSAS, there is evidence that neuromotor differences also contribute. Craniofacial conditions
such as cleft palate and micrognathia cause oropharyngeal muscular dysfunction, which
affects swallowing, speech, and breathing. In studies of upper airway muscle function, EMG
response during swallowing is reduced in children with cleft palate compared to controls. 1°
In other children, micrognathia changes the normal length-tension relationship of upper
airway muscles, possibly preventing them from working efficiently. In children with
syndromic micrognathia, the upper airway may have increased collapsibility secondary to
upper airway muscle fatigue, as a result of the upper airway muscles constantly working
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against an increased mechanical load with each breath. This is consistent with data from
adults, showing that upper airway muscles work near their maximal range during
wakefulness in patients with OSAS. 16

Cleft lip/ palate

In children with cleft palate, OSAS is thought to develop from morphologic changes that
result in a small midface and retruded mandible. Children with CLP often also have nasal
deformities as well, but how these affect upper airway obstruction is not clear (Figure 1).
Retrospective studies have shown high rates of OSAS in a referred population with CLP, but
these studies are limited by selection bias 1. A recent prospective study of 50 infants found
a mean apnoea hypopnoea index (AHI) of 7.6/hour in those with non-syndromic CLP 18,
Prospective studies of larger cohorts are needed to determine the true prevalence of OSAS in
this population and to better understand how risk factors differ from the general pediatric
population. One of the difficulties in understanding the prevalence of and risk factors for
OSAS in the CLP population is the heterogeneity of the phenotype, with a range from
unilateral cleft lip to a cleft that extends through both the soft and hard palate.

In developed countries, children with cleft palate are treated with primary palatoplasty
before or around the child’s first birthday. The effect of primary palatoplasty on upper
airway obstruction has not been well studied, but there is some evidence that children who
have OSAS pre-operatively are at risk for developing perioperative airway complications 1.

As many as 13% of children with cleft palate develop velopharygneal insufficiency as a
result of primary palatoplasty, causing hypernasal voice and swallowing dysfunction.
Correcting velopharyngeal insufficiency usually involves additional surgery, which could
include posterior pharyngeal flap, dynamic sphincter pharyngoplasty, or revision Furlow
palatoplasty. Obstructive sleep apnoea occurring after posterior pharyngeal flap surgery is
well documented in children with cleft palate?® and there are case reports of post-operative
death?! from upper airway obstruction, although the prevalence and duration of this post-
operative OSAS is somewhat controversial 22, Many surgical case series report little or no
OSAS following surgery but do not include PSG. There is some evidence that dynamic
sphincter pharyngoplasty may result in an increased incidence of post-operative OSAS 23
and that Furlow palatoplasty may cause a mild increase in upper airway obstruction
immediately following surgery 24. Velopharyngeal insufficiency can be very bothersome to
patients and a balance must be struck between correcting it and the consequences of OSAS
that may result. Many centers advocate evaluation for OSAS in children undergoing
secondary palatoplasty.

Conditions with micrognathia

Conditions that include micrognathia are thought to cause OSAS due to obstruction at the
base of the tongue from glossoptosis and reduced oropharyngeal airway size 22,

Pierre Robin sequence, a clinically-identified anomaly containing mandibular hypoplasia,
glossoptosis, and a U-shaped cleft palate, is the most common cause of syndromic
micrognathia. Retrospective studies have demonstrated high rates of severe OSAS in Pierre
Robin sequence, but these series are limited to patients clinically referred for intervention
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due to upper airway obstruction 26, In one recent retrospective series, OSAS was identified
in 11 of 13 infants with Pierre Robin sequence, with a mean AHI of 33.5/hour (range 0 to
85.7/hour) 27,

Similar to other conditions with underdevelopment of the mandible, patients with hemifacial
microsomia have the potential for increased risk for OSAS (figure 2). One study found this
population to have increased symptoms of breathing difficulties during sleep, sleepiness, and
night awakenings compared to controls 28, Another study found that patients with hemifacial
microsomia who have more severe mandibular deformities were at higher risk for OSAS 2°.

Children with Treacher Collins syndrome are also at high risk for OSAS due to
micrognathia. Compared with children who have Pierre Robin sequence, those with
Treacher Collins syndrome have longer mandibular body length and shorter mandibular
ramus length . A study of 35 adults and children found the prevalence of OSAS to be

46% 30. In this series, many of the patients who had airway surgery, including MDO, had
persistent OSAS post-operatively, which the authors attribute to multiple sites of obstruction
identified with flexible and rigid bronchoscopy. OSAS has been shown to be linked with
reduced quality of life in this population.

Craniosynostosis

Children with syndromic craniosynostosis are at increased risk for OSAS mainly due to
midface hypoplasia, but other factors such as adenotonsillar hypertrophy and choanal atresia
are also risk factors. Between 40 and 68 percent of children with syndromic craniosynostosis
will have OSAS but the means of making this diagnosis vary between studies 31 32, One
longitudinal study found that prevalence seems to reduce with age, and children less than
three years old seem to be at the highest risk and those with midface hypoplasia are more
likely to have persistent OSAS. 31

Down syndrome

OSAS is highly prevalent in children with Down syndrome, with studies finding between 31
and 100 percent of children having gas exchange abnormalities on polysomnograms.
Midface and mandibular hypoplasia result in narrowing of the hypopharynx and relative
macroglossia, predisposing children with Down syndrome to OSAS. In addition to structural
abnormalities, low muscle tone also contributes to OSAS in this population, with dynamic
MRI demonstrating dynamic upper airway collapse. Higher rates of lingual tonsilar
hypertrophy and obesity also contribute to the high prevalence of OSAS 33,

Achondroplasia

Achondroplasia causes short stature and craniofacial hypoplasia, including maxillary
hypoplasia and depressed nasal bridge. Snoring is very common in children with
achondroplasia and studies have identified between 10 and 35 percent of patients with
OSAS 34, One large series found that nearly half of children referred for polysomnograms
had an abnormal finding, but that hypoxaemia was the most common abnormality 3°.
Compared with children who have OSAS due to adenoidal hypertrophy, children with
achondroplasia have radiographic evidence of upper airway narrowing and retrognathia.
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There are neurologic complications associated with achondroplasia, and these patients are
also at risk for central sleep apnoea.

Therapies for OSAS in the paediatric craniofacial population

Multiple therapies for OSAS in children with craniofacial conditions are available and
options depend on the underlying condition. While tracheostomy remains an option for those
with the most severe upper airway obstruction, alternative medical and surgical therapies
exist, making the need for tracheostomy rare in this patient population today.

Surgical therapies

Adenotonsillectomy is first-line therapy for many otherwise healthy children with OSAS but
has not been well-studied as a therapy in the craniofacial population. However, even in the
craniofacial population, adenotonsillectomy may be helpful by widening the upper airway.
Adenotonsillar hypertrophy should be suspected as an exacerbating factor in children with
craniofacial anomalies who present with symptoms of OSAS in later childhood rather than
at birth. With adenoidectomy, there is the potential risk for exacerbating velopharyngeal
insufficiency, so some surgeons favor a procedure that involves removing the superior and
leaving the inferior rim of the adenoid tissue to maintain speech. One study found that in
children with cleft palate who had primary palatoplasty, tonsillectomy and/or partial
adenoidectomy was generally effective, but the cleft status and surgical techniques varied
considerably among the 17 patients 36. In children with Down syndrome,
adenotonsillectomy should be considered as a first-line therapy in children with OSAS, but
it has a much lower success rate than in otherwise healthy children 33, In children with
achondroplasia, there is a high rate of recurrence of OSAS after adenoidectomy but
adenotonsillectomy may be more successful 37. More studies are needed to better understand
which populations would benefit most by adenotonsillectomy. The impact of
adenotonsillectomy on OSA in children with craniosynostosis is largely unknown; one
recent study of five patients showed improvement in OSAS in two following surgery 38

MDO is a surgical procedure that involves bilateral corticotomy of the mandible, insertion
of either internal or external metal distractors, and gradual distraction of the mandible while
new bone forms in the gap. There is some variability in technique in terms of the time and
length of distraction. Mandibular lengthening with MDO causes advancement of the tongue
base at the site of the attachment of the genioglossus to the mandible, increasing the size of
the upper airway. Complications from MDO include infection, jaw malocclusion,
hypertrophic scarring, and injury to the surrounding nerves or teeth in as many as 23% 3°.
The effect on mandibular growth plates is not entirely known. MDO is an effective
alternative to tracheostomy in children with micrognathia and severe obstructive apnoea.
One meta-analysis found that 84% of children who were tracheostomy-dependent were able
to be decannulated following MDO 39, There are reports of MDO being used successfully to
treat OSAS in age groups ranging from infants to adults. Early studies of MDO in young
children reported high rates of clinical resolution of symptoms 40 and subsequent studies
involving PSG have shown substantial improvement in OSAS in the majority of patients. 4
MDO has been shown to increase not only the length of the mandible ramus and body but
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also the airway volume in the hypopharynx. 14 Still, there are no large prospective studies of
MDOQO in children with micrognathia.

Tongue-lip adhesion is a surgical procedure that attempts to correct glossoptosis causing
upper airway obstruction in children with Pierre Robin sequence and other similar
conditions. This procedure involves securing the tongue to the mucosa and muscle of the
lower lip, and does not address any skeletal malformations. This procedure was first
proposed in 1946 and for many years was the only surgical alternative to tracheostomy for
severe upper airway obstruction. The impact of tongue-lip adhesion on OSA in children with
micrognathia has not been carefully studied, but surgical case series suggest that it offers
improvement in OSAS but incomplete resolution in most patients 42, Recent studies have
compared surgical outcomes of tongue-lip adhesion with MDO. Although no large
prospective studies have been performed, available data suggests that tongue-lip adhesion
results in a shorter hospital stay but MDO results in improved OSAS and earlier return to
oral feeding 43, at least in non-syndromic infants with micrognathia. Infants undergoing
MDO may be less likely to require a second surgery to correct persistent upper airway
obstruction 41,

In patients with craniosynostosis who have substantial midface hypoplasia, surgical
advancement of the midface can be used to enlarge the upper airway, often using a Le Fort
Il or Le Fort Il procedure that involves internal or external distraction devices. These
surgeries involve osteotomies and advancement of the maxilla and midface. Other methods
exist, including using an external transfacial pin for distraction. One study found that
midface distraction substantially reduced the AHI and improved the oxygen saturation in a
cohort of 11 young children with Pfeiffer, Cruzon, or Apert syndrome and severe OSAS 44,

Non-surgical therapies

Positive airway pressure is first-line therapy for many adults with OSAS and for otherwise
healthy children where adenotonsillectomy is not curative. Continuous positive airway
pressure (CPAP) may be challenging to use in children with craniofacial conditions for
several reasons. In infants, there is a lack of available interfaces to fit children with normal
craniofacial anatomy, and infants with craniofacial syndromes will be even harder to
accommodate. The same may be true for older children, particularly those with significant
nasal deformities. Some children with craniofacial conditions will have had multiple facial
surgeries and may have an increased sensitivity to a mask on their face. CPAP has been
described as successful therapy for children who developed upper airway obstruction
following secondary palatoplasty ° and in several patients with micrognathia #6. One study
found that children with craniofacial conditions did not require higher CPAP pressures than
other children to achieve control of OSAS 47. More research is needed to understand
whether CPAP is an effective treatment for OSAS in patients with velopharyngeal
insufficiency, and in other populations such as those with micrognathia.

When OSAS is only present when the patient is supine, sleeping in different position could
provide effective therapy. Lateral or prone positioning in infants with micrognathia or
glossoptosis has been used since the days of Pierre Robin and has been reported to be
successful in treating upper airway obstruction 48, but polysomnographic evidence of
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success has not been demonstrated. Studies that include polysomnographic recording in
multiple positions are needed to evaluate the efficacy of positional therapy in this
population. This therapy is difficult to maintain once an infant is able to roll over.

A nasopharyngeal airway is a tube inserted through the naris that extends to the oropharynx
and acts as a stent of the upper airway, physically preventing collapse. One study of young
children with syndromic craniosynostosis found that using a nasopharyngeal airway for
long-term management of upper airway obstruction both successfully treated OSAS and
improved quality of life 49. More studies are needed to evaluate the long-term safety and
efficacy of this modality. Frequent suctioning or replacement of the stents may be needed to
maintain patency.

In craniofacial conditions where there are structural abnormalities, it is unclear how growth
affects the degree of upper airway obstruction as the child develops from infancy to
adulthood. There are case reports of spontaneous resolution of OSAS with growth in
children with Pierre Robin sequence °0 but the long-term effect of growth on upper airway
obstruction both on those who have had surgery and those who have not remains unknown.
There is some evidence that as children with craniosynostosis grow, there is reduction in
AHI 31, However, waiting for children to ‘outgrow’ OSAS could result in significant
morbidity and is not recommended.

Future directions

Despite the foundation of knowledge that exists regarding OSAS in the craniofacial
population, there are substantial gaps that need further exploration. Specifically, there is a
need for clinical studies that are larger, include longer-term follow up, and include PSG.
Additionally, more mechanistic studies are needed to better understand the structural and
neuromotor risk factors associated with OSAS in this population and the benefits of
interventions, including surgery. Most of the available evidence concerning OSAS in the
craniofacial population, not surprisingly, comes from retrospective studies of surgical
cohorts. Unfortunately, by the nature of these studies, many of the patients with less severe
OSAS will be excluded. Not including patients with micrognathia deemed not severe
enough to require corrective surgery make the true prevalence of OSAS in this population
difficult to estimate. In cleft palate studies, often the only patients to undergo PSG are those
where there is a clinical concern for OSAS.

There have been no randomized controlled trials comparing surgical techniques in the
craniofacial population. Such studies are needed to help surgeons better understand the
impact of different procedures for correction of velopharyngeal insufficiency and
micrognathia, among others.

Until recently, respiratory assessment for craniofacial patients has largely been clinical and
somewhat subjective. In many studies, post-operative determination of OSAS was based on
parental report. Unfortunately, studies have shown that clinical assessment is often
unreliable for detecting OSAS in children, especially in complex populations like those with
craniofacial syndromes. With PSG widely available, even for infant populations, and
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considered the gold standard for assessment of pediatric OSAS 1, it should be included in
the evaluation of craniofacial patients when OSAS is being assessed.

In addition to a lack of prospective studies, the literature on OSAS in children with
craniofacial conditions is limited by the size of the studies. Multicenter studies or multi-
institutional databases would be useful in pooling data, particularly for rare syndromes. For
example, patients with micrognathia and glossoptosis who have different underlying
syndromes may not respond to mandibular distraction in the same way because of a variety
of factors, including airway tone and midface hypoplasia.

Another difficulty in interpreting the literature on OSAS in this population is the lack of
long-term studies. Since children with cleft palate and craniofacial syndromes are often
followed lifelong by craniofacial centers, the opportunity for studies assessing OSAS as
these children grow following surgery exists. This would allow us to answer questions such
as whether OSAS following secondary palatoplasty persists, and whether OSAS reoccurs
after MDO due to poor post-operative mandibular growth. Other longitudinal outcomes that
need to be assessed include swallowing, cognition, and growth.

Understanding which children with craniofacial conditions are at risk for OSAS, what puts
them at risk, and what the best therapies are for OSAS in this population will help improve
the care of these complex patients. Better understanding of OSAS in this population will

lead to a better understanding of which patients to evaluate, when to evaluate them, and by
what means. This type of research can help improve the standard of care for these patients.

Conclusions

OSAS is common in children, and children with a variety of craniofacial conditions are at
increased risk for OSAS due to abnormalities in both their facial structure as well as likely
upper airway neuromotor deficits. Cleft lip and palate may predispose children to having
OSAS; secondary palatoplasty for velopharyngeal insufficiency seems to substantially
increase the risk for OSAS. Conditions with micrognathia, including Pierre Robin sequence,
result in a high rate of OSAS. Similarly, children with syndromic craniosynostosis have high
rates of OSAS. A variety of treatment options, both surgical and more conservative, exist for
OSAS in this population. The current evidence is based mostly on retrospective reports;
more prospective studies are needed to better understand this population.
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Educational Questions

1. Which of the following is true regarding children with craniofacial syndromes?

a.

b.

e

The Pediatric Sleep Questionnaire is a good tool to screen for OSAS.

Children with craniofacial syndromes should have annual screening
polysomnograms.

The presence of a craniofacial syndrome is a risk factor for OSAS.

The prevalence of OSAS in children with craniofacial syndromes increases with
age

None of the above.

2. With regard to children with micrognathia:

a.

d.

e.

Tongue-lip adhesion has been shown to be superior to mandibular distraction
osteogenesis in treating severe OSAS

OSAS is relatively uncommon in infants with Pierre Robin sequence

Adenotonsillectomy is effective treatment for most infants with severe OSAS
and syndromic micrognathia

CPAP is the preferred first-line therapy for OSAS in infants with micrognathia.

None of the above

3. The following is true in children with cleft palate:

e

Secondary palatoplasty for velopharyngeal insufficiency generally cures OSAS
Primary palatoplasty results in OSAS in many children with cleft palate
Most occur as part of an underlying syndrome

The morphologic cause of OSAS in children with cleft lip and palate is not well
understood

None of the above

4. With regard to craniosynostoses:

a.

€.

They result in abnormal growth of the skull in the direction parallel to the fused
suture(s).

Mandibular hypoplasia is the primary cause of OSAS in this population
Mandibular distraction osteogenesis is the first-line surgical therapy
Children over 3 years old are at the greatest risk for OSAS

None of the above.

5. All of the following are true regarding OSAS in children EXCEPT:
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Figure 1. 1-week old girl with cleft lip and palate
a) Despite having a complete bilateral cleft lip and palate and substantial nasal deformity,

this patient did not have significant OSAS.
b) The same patient at age 2, after cleft lip and palate repair

Paediatr Respir Rev. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cielo and Marcus Page 17

a)

Figure 2. Two young boys with syndromic micrognathia
Both had severe OSAS during infancy and had mandibular distraction osteogenesis.

a) 22 month old with hemifacial microsomia. Note mandibular hypoplasia and unilateral
microtia.

b) 13 month old with Treacher Collins syndrome. Note down-slanting palpebral fissures,
bilateral microtia, and mandibular hypoplasia.
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mechanisms of OSAS in children with select craniofacial conditions

Condition

Potential causes of OSAS

Craniofacial cleft

Short mandible, retrognathia + nasal deformity

Syndromic micrognathia (i.e. Pierre Robin Sequence, Stickler syndrome,
etc)

Micrognathia, glossoptosis, + midface hypoplasia

Craniosynostosis

Midface hypoplasia

Down syndrome

Relative macroglossia, midface hypoplasia, reduced muscle tone

Achondroplasia

Midface hypoplasia, retrognathia
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Table 2

Surgical therapies for OSAS in children with craniofacial conditions

Condition

Potential surgical therapies

Craniofacial cleft

Adenotonsillectomy

Syndromic micrognathia (i.e. Pierre Robin Sequence,
Stickler syndrome, etc)

First line: mandibular distraction osteogenesis Second line: tongue-lip adhesion

Craniosynostosis

Midface advancement

Down syndrome

Adenotonsillectomy

Achondroplasia

Adenotonsillectomy, midface advancement
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